This paper is a summary report of the Proton Driver design study that has recently been completed at Fermilab. It describes the design of a new 16 GeV high intensity rapid cycling synchrotron as a replacement of the present Booster. The major design goals are: (1) 1 MW beam power; (2) 1 ns (r.m.s.) bunch length. The construction will be staged. It has also an upgrade path to 4 MW.
INTRODUCTION
In a 1997 summer study, a team led by Steve Holmes formulated a development plan for the Fermilab proton source and described the results in Ref. [ 11. Subsequently, at the end of 1998, a task group was formed to prepare a detailed design of a high intensity facility called the Proton Driver. The results of that effort are summarized in Ref. [2] . The design includes a 16 GeV synchrotron, two new beam transport lines (a 400 MeV injection line and a 12/16 GeV extraction line), and related improvements to the present negative ion source and the 400 MeV Linac
The Proton Driver serves a number of purposes in the Fermilab HEP program. In the near term, it replaces the present Booster and increases the proton beam intensity in the Main Injector by a factor of four, thereby providing an upgrade path for NuMI and other 120 GeV fixed target programs. It also opens the avenue for new physics programs based on its stand-alone capabilities as a source of intense proton beams. In the long term, it could serve an intense muon source, a neutrino factory and a muon collider by generating intense short muon bunches from a target. The design also allows an upgrade path to a 4 MW proton source by adding a 600 MeV linac and a 3 GeV Pre-Booster.
At present, the Booster is the bottleneck that limits the proton beam intensity in the Fermilab accelerator complex. Its upstream machine, the Linac, is capable of providing 3.4 x IOl3 particles per cycle at 15 Hz. However, due to numerous problems, the Booster intensity is limited to 5 x 10l2 particles per cycle. After some modest upgrades, the downstream machine, the Main Injector, is capable of accelerating four times more protons than the Booster can provide. The Proton Driver, as a complete functional replacement for the Booster, removes this bottleneck and makes full use of the capabilities of the Linac and Main Injector. 8 GeV) to the emittance of the Proton Driver beam (60p mm-mrad, normalized), the Main Injector injection energy needs to be raised to 12 GeV. (4) In Stage 2, it is envisioned that a neutrino factory will be in place. It requires a small number of proton bunches. Therefore a low frequency (7.5 MHz) rf system replaces the 53 MHz system. The maximum beam energy of the Proton Driver is also increased to 16 GeV in order to generate enough muons for a neutrino factory.
The major design parameters of the Proton Driver in Stage 1 and 2 are listed in Table 1 . As a comparison, the parameters of the present Linac and Booster are also listed.
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TECHNICAL SYSTEMS
In order to achieve the demanding performance specifications of the Proton Driver, a number of state-ofthe-art features are incorporated in its design. The latter provides a perfect match between the two RFQ's. 
R&D PROGRAM
A complete list of the R&D program can be found in Chapter 19 of Reference [2] . An important category of the program are those items that are not only needed by the Proton Driver but will also be useful for improving the performance of the present proton source. Therefore, they have the highest priority. These include: 
